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Economic Incentives for Rain 

Forest Conservation Across 


Scales 

C. Kremen,'* J. 0. Niles,' M. G. Dalton? G. C. Daily,' 

P. R. Ehrlich,' J. P. Fay,' D. G r e ~ a l , ~  R. P. Guillery4 

Globally, tropical deforestation releases 20 t o  30% of anthropogenic green- 
house gases. Conserving forests could reduce emissions, but the cost-effec- 
tiveness of this mechanism for mitigation depends on the associated oppor- 
tunity costs. We estimated these costs from local, national, and global per- 
spectives using a case study from Madagascar. Conservation generated signif- 
icant benefits over logging and agriculture locally and globally. Nationally, 
however, financial benefits from industrial logging were larger than conserva- 
t ion benefits. Such differing economic signals across scales may exacerbate 
tropical deforestation. The Kyoto Protocol could potentially overcome this 
obstacle t o  conservation by creating markets for protection of tropical forests 
t o  mitigate climate change. 

Each year, an estimated 13 million hectares 
of forests are destroyed ( I ) ,  5.6 to 8.6 Gt of 
carbon are emitted (2),and 14,000 to 40,000 
species disappear from tropical forests (3). 
Greenhouse gas emissions are likely to in- 
crease Earth's temperature by l o  to 4OC in the 
next century, leading to the possibility of 
increasingly severe droughts and floods, en- 
hanced rates of species invasion and extinc- 
tion (4), and thus significant economic harm. 

Tropical deforestation alone is responsible 
for 20 to 30% of carbon emissions (5) and 
most species extinction worldwide (6 ) .Con-
serving tropical forests could therefore re-
duce both global warming and biodiversity 
loss (7 ) . Despite conservation efforts, many 
"protected areas" in the tropics continue to be 
degraded, while unprotected forests are being 
converted by logging and agriculture (8 ) .We 
analyzed the economic benefits of forest con- 
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servation from local, national, and global per- deforestation, the Masoala ICDP's strategy is (10 and 30 years, based on the length of a 
spectives to determine the structure of incen- to create economic incentives for conserva- forestry concession in the opportunity-cost 
tives; ultimately, it is the interaction of these tion, by working with local communities to scenario) and three discount rates [3% (14), 
incentives across scales that will determine develop markets for forest products from the 10% (15),  and 20% (16)] were used to test 
the fate of forests. buffer areas and nature-based tourism in the sensitivity. We report results as ranges (in 

We used the Masoala National Park Inte- park (9). U.S.$ 1996) over these time frames and dis- 
grated Conservation and Development Pro- Although local incentives are important, count rates. In some cases, ranges also in- 
gram (ICDP) in Madagascar as our case incentives at national and global scales are clude results from two other opportunity-cost 
study, because it provided ample data for also essential to the success of conservation scenarios (see below). 
economic evaluation (9-13). The park (2300 efforts, because national governments often The opportunity-cost scenario is the land 
km2) is composed of primary rain forest and make large-scale natural resource decisions use that produces the highest alternative re- 
is surrounded by a 1000-km2 buffer of un- affecting conservation, and the international turn. At the national level, the highest return 
protected forest. Slash-and-bum farming for community sponsors conservation through would come from large-scale industrial for- 
subsistence rice production represents the foreign aid and technical assistance. Conser- estry concessions. We assumed that such log- 
current principal threat to these forests. At vation is most likely to succeed when benefits ging enterprises would be foreign-owned, 
current rates, farmers may reach the park outweigh costs at the scales of all relevant bounded in scale based on the required cap- 
boundaries in as few as 9 years. To counter decision-makers. To assess benefits and costs, ital investment, respect Malagasy laws, and 

we developed an opportunity-cost scenario invest the minimum in infrastructure to ex-
and compared estimates of net benefits from port high-value roundwood from Madagascar 'Center for Conservation Biology, Department of Bi- 

ological Sciences, Stanford University, Stanford, CA the ICDP against the net benefits from the (1 7). It is unlikely, however, that Madagascar 
94305, USA. 21nstitute of Earth Systems, Science and opportunity-cost scenario at local, national, would receive all the financial benefits legal- 
Policy, CSU Monterey Bay, 100 Campus Center, Sea- and global scales. All estimates were calcu- ly due from a large-scale logging operation 
side, CA 93955-80013, USA. 3Yale Law School, 127 lated as net present values (NPVs) based on (18). Thus, we also calculated a lower bound 
Wall Street, New Haven, CT 06511, USA. 41nstitute 
for Agriculture and Trade Policy, 2105 First Avenue market values or shadow prices obtained with opportunity cost assuming that only a portion 
South, Minneapolis, M N  55404, USA. standard valuation techniques and appropri- of the benefits (about 33%) would be cap- 

'To whom correspondence should be addressed. E- ate local, national, and global data sources tured by the nation (1 7). In both cases, we 
mail: ckremen@stanford.edu (see footnotes to Table 1). Two time-frames assumed that while logging "selectively," 

Table 1. Local, national, and global net  benefits fo r  t he  integrated conservation and development program [ICDP; see (77) fo r  further details] 

Discount rate 3% 10% 20% 

Time span o f  net  present values 10 years 30 years 10 years 30 years 10 years 30 years 

Local economy: impact of ICDP per community US.$ 1996 x lo3 
Sustainable communi ty  forestry (9) 129.7 31 5.6 88.5 143.6 55.1 68.3 
Ecotourism (77) 2.7 19.1 1.9 6.1 1.3 2.2 
Nont imber  forest products (NTFPs)* 86.6 221.6 61.9 101.0 41.9 51.0 
Hi l l  rice? -11.5 -26.5 -8.3 -12.7 -5.7 -6.7 
Opportunity cost: Large-scale forestry$ -1.4 -3.2 -1.0 -1.5 -0.7 -0.8 
Local ne t  benefit 206.1 526.6 143.1 236.5 91.9 113.9 

National economy: impact of ICDP US.$ 1996 x 10' 
Donor investments 7.81 9.95 6.01 6.80 4.43 4.66 
Ecotourismlpark employment (77) 7.06 42.49 5.10 12.91 3.50 5.16 
Sustainable communi ty  forestrylbiodiversity products (9, 73) 2.96 13.08 1.33 3.29 0.50 0.80 
Sustained use o f  NTFPs* 7.28 28.57 4.71 11.01 2.77 4.27 
Watershed protect ion value(( 0.58 3.40 0.38 1.13 0.22 0.38 
ParUbuffer zone management costs$ -8.97 -13.06 -6.70 -8.07 -4.79 -5.15 

Internal benefit f rom ICDP project 16.73 84.44 10.83 27.07 6.64 10.12 
Opportunity cost: Industrial logging concession1 -92.57 -333.89 -56.36 -127.89 -30.02 -47.14 
Opportunity cost: H i l l  rice farming? -6.53 -15.00 -4.70 -7.22 -3.21 -3.81 

Total  opportunity costs -99.10 -348.89 -61.06 -135.10 -33.23 -50.95 
National net  benefit -82.38 -264.45 -50.23 -108.03 -26.59 -40.83 

Global economy: impact of l C D q  US.$ 1996 x lo6 
Carbon conservation value @ S2OIt C (27, 28) 188.94 655.41 122.35 260.66 71.97 105.1 1 
Donor investment i n  ICDP -7.81 -9.95 -6.01 -6.80 -4.43 -4.66 
Global ne t  benefit 181.13 645.46 1 16.34 253.85 67.54 100.45 

*We calculated annual flows from NTFPs by cumulating the hectares of deforestation avoided each year, and multiplying by the annual value for sustained use of NTFPs [-S15lha 
(9)]. NPVs were then calculated from these annual flows. ?The value of one rice harvest after logging was estimated at S69lha on the basis of typical rain-fed rice productivity 
on the Masoala Peninsula (13). $The national opportunity costs to Madagascar for not granting a large-scale logging concession included stumpage fees, taxes, employment, and 
infrastructure development. We based our model on similar timber companies operating in developing countries, assuming that expatriate investors (i) invest in minimum 
infrastructure, (ii) hire national staff primarily, (iii) harvest all currently exported hardwoods, (iv) export roundwood to mills outside of Madagascar, and (v) pay all taxes and fees legally 
due to Madagascar (full capture scenario). We used timber inventory data from Masoala (9, 13) to assess per hectare harvest levels, values and stumpage fees, and CIS to determine 
where harvesting was profitable (26). We assumed that half of the wood would be exported, and the rest sold domestically. At the local scale, opportunity costs equaled lost local 
employment from large-scale logging. See (77) for further details. §Donor investment and project costs were based on the current Masoala ICDP budget, assuming 5 years of aid 
for park management and 20 years for development, with diminished inputs after 10 years. IWe calculated the annual value of watershed protection to irrigated rice agriculture 
and to marine fisheries by first obtaining a per hectare annual value for each watershed component, and then multiplying this value times the cumulative number of hectares 
deforested each year. For irrigated rice agriculture, we calibrated a watershed study from a nearby park (37). For fisheries (38) we divided the annual value of the artisanal marine 
fishery on Masoala (13) by the number of hectares of forest and multiplied by 0.5, because i t  is unlikely that forest clearing would reduce fisheries to zero. T o  calculate global 
impacts of the ICDP, we estimated public values that are nonexcludable and nonrival benefits. We did not evaluate the net impact of forest conservation versus exploitation on private 
actors (e.g., logging, ecotourism, or international airline companies) or private goods (e.g., timber, souvenirs, or planes). 
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forests would be extensively damaged from 
road-building and mechanized harvest (19). 
Then, subsistence farmers would follow log- 
ging roads to slash-and-burn the high-graded 
forests (18); thus, the value of one rice har- 
vest was calculated as part of the total oppor- 
tunity cost. In 1995, however, Madagascar 
enacted environmental laws to prevent indus- 
trial-scale activities from degrading the envi- 
ronment (20). Consequently, we also devel- 
oped and evaluated a "best management prac- 
tices" scenario to compare with industrial 
logging (21). 

To evaluate the ICDP scenario, we esti- 
mated projected financial costs and benefits 
from establishing and maintaining the Ma- 
soala National Park and its buffer zones. Ben- 
efits included employment, foreign aid, tour- 
ism, and the sustainable production of forest 
products, watershed protection, and carbon 
conservation resulting from prevention of 
projected deforestation. Costs included man- 
agement of the park and implementation of 
development activities around the park. A 
major source of uncertainty in estimating 
these benefits was whether the ICDP would 
meet its stated goals, which include (i) arrest- 
ing deforestation in the area, (ii) implement- 
ing community-based sustainable forestry 
projects in 50,000 ha over 15 years, and (iii) 
reaching ecotourism targets of 10,000 visitors 
per year within 5 years (22). Complex devel- 

opment projects in developing countries have 
high failure rates (IS). Our projections as-
sumed that this ICDP will succeed; by com- 
parison, the uncertainty resulting from data 
error is a minor problem. 

At the local level, we found that commu- 
nities would lose significant economic bene- 
fits if lands they were to use for comrnunity- 
based sustainable forest management and 
tourism were placed in large-scale logging 
concessions, whether sustainable or not. With 
the ICDP, communities would enjoy surpluses 
of $92,000 to $527,000 (23) over the indus- 
trial logging scenario (Table 1). A large pro- 
portion of this value is due to the subsistence 
use of nontimber forest products (NTFPs) for 
artisanal production, food, fuel, fiber, and 
construction (10, l l ) ,  all key to quality of life 
for local residents. 

While initially dependent on foreign aid in 
our model, we terminated aid to the Masoala 
park in year 5 and to the development com- 
ponent in year 20. Gross benefits to Mada- 
gascar from the ICDP, ignoring opportunity 
costs, ranged from $7 million to $84 million 
(Table 1) and were positive within 10 years. 
The ICDP would thus be a reasonable busi- 
ness proposition for Madagascar in compari- 
son to current slash-and-bum land use on the 
peninsula. 

The financial benefits from industrial 
logging concessions, however, exceeded the 

ICDP's value (Table 1) even when the lowest 
estimates of revenue generated by logging 
were used. Although uncertainties exist in the 
estimate of opportunity cost, these three sce- 
narios show that any large-scale logging op- 
eration would be significantly more profit- 
able to the state than the ICDP, by $6 million 
to $265 million (Table 2). 

Lucrative large-scale logging operations 
are leading to the destruction of many forests, 
particularly in Africa and Asia (24, 25). We 
found no physical or economic barriers that 
would prevent large-scale logging companies 
from accessing the entire forest on the Ma- 
soala Peninsula (26). We estimated net annu- 
al returns on investment to large-scale log- 
ging companies and found profit margins of 
$2.37 million per year even for the least- 
profitable scenario, best management prac- 
tices. Thus, large-scale logging is a realistic 
prospective land use for Masoala and similar 
areas. 

Several timber companies were prospect- 
ing for concessions on the Masoala Peninsula 
during the time that the National Park was 
being established, and the government nearly 
abandoned the park project in favor of a 
logging company. The conservation and dip- 
lomatic community played a large role in 
persuading the government to reject the log- 
ging companies' proposals, using both polit- 
ical and economic arguments. Without this 

Table 2. The cost of conserving carbon. Regardless of opportunity-cost scenario, when Madagascar conserves forests, i t  pays most of the costs of preventing 
transfers of carbon from the biosphere to the atmosphere. 

Discount rate 

Timespan of NPV 
Net value of ICDP to 

Madagascar including 
logging 

National opportunity cost of 
land 

Madagascar's cost to  
conserve greenhouse gases 

Donor countries' cost to 
conserve greenhouse gases 

Total 
Proportion borne by 

Madagascar 

Timespan of NPV 
Net value of ICDP to  

Madagascar including 
logging 

National opportunity cost of 
land 

Madagascar's cost to 
conserve greenhouse gases 

Donor countries' cost to 
conserve greenhouse gases 
Total 

Proportion borne by 
Madagascar 

Units 

U.S.$ 1996/ha 

U.S.$ 1996/t CO, C 

US.$ 1996/t CO, C 

U.S.$ 1996/t CO, C 

US.$ 1996/ha 

US.$ 1996/t CO, C 

US.$ 1996lt CO, C 

US.$ 1996lt CO, C 

Full capture scenario for Partial capture scenario for 
Best management 

practices scenario for 
opportunity costs opportunity costs 

opportunity costs 

10 years 
-21.29 -13.31 

30 years 
-42.02 -23.29 
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pressure, the Masoala Peninsula, one of 
Madagascar's most important reservoirs of 
biodiversity, would perhaps have become a 
forestry concession instead of a national park. 
However, many other countries do not have 
vigilant watchdog organizations and strict en- 
vironmental laws (20), so logging often con- 
stitutes a serious threat to forests (24, 25). 

The loss of Masoala's forests would be a 
significant economic cost to the international 
community ($68 million to $645 million) 
(Table 1). We estimated their global value on 
the basis of the damages avoided by prevent- 
ing greenhouse gas emissions from the defor- 
estation that would otherwise occur without 
the ICDP (17). To develop a conservative 
estimate, we used a damage cost of $20/t C 
(27), used an estimate of net committed emis- 
sions, and developed a schedule for the grad- 
ual release of greenhouse gases over a 10-
year period (28). We did not include costs or 
benefits to private actors such as logging or 
ecotourism companies, because our concern 
at the global scale was with public goods and 
services. Nor did we include other significant 
global benefits, such as the option or exis- 
tence value of biodiversity in Masoala's for- 
ests, because a market in these values is 
unlikely to emerge. These values would be 
high relative to other regions, however, be- 
cause Madagascar is among the top five 
countries for plant and vertebrate endemism 
per unit area (29), with a globally unique and 
species-rich biota, and Masoala is one of its 
most significant biodiversity areas (9). 

We then estimated the unit cost of con- 
serving carbon [in metric tons of CO, C 
equivalents (28)] between $0.23 and $4.34 
(Table 2); this range is comparable to per 
metric ton C costs for trial climate-related 
forestry and conservation projects (30). The 
unit cost can be partitioned into the global 
cost (foreign aid for forest protection) and 
Madagascar's cost (opportunities foregone). 
Madagascar, one of the world's poorest coun- 
tries (31), is paying 57 to 96% of the total 
costs (Table 2), but itself would benefit rela- 
tively little from reducing global greenhouse 
gas emissions. While the Masoala ICDP was 
established to conserve biological diversity, 
not terrestrial carbon, the global community 
is reaping the concurrent public benefit of 
carbon conservation at the low cost of $0.07 
to $1.24/t C. 

Both Madagascar's opportunity costs ($18 
to $80l/ha) and the costs of conserving car- 
bon vary by more than an order of magnitude, 
depending on the logging scenario, discount 
rate, and time-frame. Madagascar and many 
developing countries have high private rates 
of discount and poor ability to capture legal 
rents from forestry concessions (16, 18). 
Thus, the partial capture scenario with a dis- 
count rate between 10 and 20% is the most 
realistic estimate of the minimum market rate 

required for compensation for carbon conser- 
vation (Table 2: 10-year NF'V, $22 to $40/ha; 
30-year NPV, $30 to $71/ha), corresponding 
to a cost of $0.16 to $0.63/t CO, C equiva- 
lents (32). 

Estimates of damages from carbon release 
range from $5 to $100/t C, but probabilistic 
studies showed that $20/t C is a conservative 
estimate of mitigation of damages (27). Thus, 
by conserving carbon at <$l/t, one could 
generate a 20-fold surplus to pay transaction 
costs and buffer against the risk of individual 
project failure [e.g., one out of two develop- 
ment projects in Africa (15)]. Paying the 
o p p o m i t y  cost for forest conservation is an 
economical mechanism for securing reduced 
greenhouse gas concentration (7), while pro- 
moting other benefits including the protection 
of a threatened biota of inestimable value 
(29), maintenance of ecosystem services, and 
promotion of human welfare. If Madagascar 
could receive the opportunity cost, it would 
then receive $10 million to $23 million (Ta- 
ble 2: 30-year NPV, partial capture scenario, 
discount rate 10 to 20%) for the value of the 
Masoala National Park and its surrounding 
buffer zone, instead of the $4.7 million to 
$6.8 million that we project it will receive 
(Table 1: 30-year NPV, donor investment, 
discount rate 10 to 20%). These funds would 
be sufficient to ensure the long-term protec- 
tion of the park, whereas current budgets may 
be insufficient (22). 

This case study suggests that the conser- 
vation and sustainable-use approach could 
provide significant economic benefits at all 
scales. At the national level, however, where 
decisions about conservation are generally 
made, large-scale logging currently provides 
better economic returns. We believe that sim- 
ilar split-incentive situations exist in many 
humid forested areas (24, 25) and other eco- 
systems (33) in the developing world. 

The Kyoto Protocol, however, could se- 
cure net local, national, and global benefits 
equitably by recompensing nations for the 
opportunity costs of conservation through 
global transfers under the Clean Develop- 
ment Mechanism (34, 35), which would al- 
low industrialized countries to exceed domes- 
tic emissions quotas by creating equivalent 
emissions reductions in a developing country 
(36). If such transfers do not occur, we can 
expect that many developing nations will 
continue to liquidate their forests for foreign 
exchange, although it is not in their best 
long-term interest (24, 25). 
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mGluRl in Cerebellar Purkinje 
Cells Essential for Long-Term 

Depression, Synapse 
Elimination, and Motor 

Coordination 
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Targeted deletion of metabotropic glutamate receptor-subtype 1 (mCluR1) 
gene can cause defects in development and function in the cerebellum. We 
introduced the mCluR1a transgene into mCluR1-null mutant [mCluRl (-I-)] 
mice with a Purkinje cell (PC)-specific promoter. mCluR1-rescue mice showed 
normal cerebellar long-term depression and regression of multiple climbing 
fiber innervation, events significantly impaired in mCluR1 (-I-) mice. The 
impaired motor coordination was rescued by this transgene, in a dose-depen- 
dent manner. We propose that mCluR1 in PCs is a key molecule for normal 
synapse formation, synaptic plasticity, and motor control in the cerebellum. 

mGluRs are G protein-coupled glutamate re- 
ceptors and are implicated in modulation of 
synaptic transmission and plasticity (I). 
mGluRl (-I-) mice have characteristic cer- 
ebellar symptoms such as ataxic gait, inten- 
tion tremor, and motor discoordination (2-4). 
The blockade of mGluRl by antiserum to 
mGluRl results in ataxia, suggesting that 
mGluRl is required for motor coordination 
(5). In mGluRl (-I-) mice, the anatomy of 
the cerebellum, the morphology of PCs, and 
the synaptogenesis onto PCs from parallel 
fibers (PFs) are normal. However, develop- 
mental transition from multiple to mono-in- 
nervation of PCs by climbing fibers (CFs) 
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( 6 ) ,the other excitatory input to PCs ( 7 ) , is 
impaired during the third postnatal week (8). 
Long-term depression (LTD) at PF-PC syn- 
apses is clearly deficient in mGluRl (-I-) 
mice (3, 4). Thus, mGluRl is thought to be 
essential for CF synapse elimination and 
LTD induction, and its disruption may con- 
tribute to motor deficits of mGluRl ( - / - )  
mice. However, mGluRl is expressed in var- 
ious cell types in the central nervous system 
(CNS) other than PCs. Hence it is not clear to 
what extent mGluRl in PCs contributes to 
these phenotypes. 

We introduced a transgene (L7-mGluR1) 
that expressed mGluRlcr under the control of 
the PC-svecific L7 vromoter (Fie. 1. A and B)

\ - ,  

into the mGluRl (-I-) mice. One line of 
transgenicmicehomozygous for endog-

mG1uR1 showed the 
restricted expression of the transgene (Fig. 1C) 
(9).(We refer to these mice as mGluR1-rescue , ~ 

mice,) neamount of m ~ l u ~ l c lprotein in 

mGIUR1-rescue was about 
less than that in w i l d - t ~ ~ ecerebella (Fig. 1C). 
mGluRla imrnunoreactivity was abundant in 
the cerebellum, o l fac to~  bulb, and thalamus in 
wild-type mice, whereas it was restricted to the 
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